Studies on the interaction between antibiotics and polymorphonuclear leukocytes (PMLs) usually require the availability of radiolabeled antibiotic, that the antibiotic kill intraleukocyte pathogens, or that the antibiotic affect some function of the leukocyte. The system described here does not have the requirements above but depends instead upon anti-staphylococci activity.
Chemicals
Rifampicin and rifamycin SV were obtained from Calbiochem (LaJolla, CA); Novobiocin and fusidie acid from Sigma (St. Louis, MO); Benzylpenicillin, gentamicin, tetracycline, erythromycin, vancomycin, chloramphenicol, and kanamycin were obtained by dissolving lyophilized antibiotic present in the wells of Sensititre trays (Gibco Laboratories, Lawrence, MA); Lincosaminide analogs were generously provided by R. D. BIRKENMEYER Purification of Polymorphonuclear Leukocytes (PMLs) and Mononuclear Leukocytes (MNLs) PMLs and MNLs were prepared using citrated blood, dextran sedimentation, Hypaque-Ficoll centrifigation, and erythrocyte lysis. The leukocytes were suspended in HANK'S balanced salt solution without Ca''+ or Mg-+. This solution was buffered to pH 7.2 with HEPES, 5 mg/ml, and designated "H/H ." The concentration of the stock solution was 5 x 10° leukocytes per ml unless otherwise noted.
After "uptake incubation" (see below), the leukocytes were resuspended in 0.5 ml Medium 199 buffered to pH 7.2 with HEPES, 5 mg/ml. This solution was designated "M/H".
Preparation of Erythrocytes
The bottom one-third of the blood remaining after dextran sedimentation was twice-washed by centrifugation at 250 x g for 10 minutes with H/H. The erythrocytes were diluted to 5 x 101 erythrocytes per ml. This preparation contained less than I x 103 PMLs per ml. Antibiotic Binding Antibiotics, 250 Id, at the concentrations noted in the text, were incubated with 250 !d-1 of 5 x 106 blood cells per ml. The incubation was conducted for 20 minutes in 1.5 ml conical polypropylene tubes (Sarstedt Inc., Princeton, NJ) at 37°C. Only 6 tubes were processed at one time in order to minimize the time available for antibiotics to escape from the cells into the wash fluid. The tubes were centrifuged for 15 seconds in a Beckman microfuge (approximately 10,000 x g). The supernatant was aspirated, pellets were resuspended in I ml H/H, recentrifuged, the supernatant discarded, the pellets resuspended in I ml H/H, re-centrifuged, the supernatant discarded, and the pellets resuspended in 0.5 ml M/H and stored on ice. 
Phagocytosis Incubation
The dishes were placed on top of the glass plates on top of a sheet of plate glass in contact with a tray of water in a 37°C incubator. After incubation, usually 30 minutes, the dishes were removed, quick frozen on dry ice, and stored at -20°C for one to three days. There was no loss of bacterial viability after one freeze-thaw as measured by either [3H]thymidine incorporation or colony forming units.
Furthermore, one freeze-thaw did not affect the degree of viability even when some killing had been caused by the presence of PMLs, antibiotics, or both. The antibiotics examined were rifampicin, novobiocin, clindamycin, fusidic acid, benzylpenicillin, gentamicin, tetracycline, and vancomycin.
[3H]Thymidine Uptake After thawing, 50 Id of [3H]thymidine in M/H, 0.025 mCi/ml M/H ([methyl-3H]thymidine, Amersham, Arlington Heights, IL), were added to the 150 td in the wells. The mixture was incubated for 1 hour at 37°C. The radioactive bacteria were collected using a cell harvester (Mash II, Microbiological Associates, Walkersville, MD) equipped with high retention glass fiber filter paper (Type GF/F, Whatman Laboratory Products, Clifton, NJ). The paper discs were dried, placed in vials containing 10 ml of scintillation counting fluid (Optisol, Isolab Inc., Akron, OH), and the radioactivity determined in a Packard 2660 Scintillation Counter. The results were expressed as the average kcpm (109 cpm) of the quadruplicated aliquots ±1 standard deviation (using N-1). The kcpm were directly proportional to the number of colony forming units confirming the reports of others24-26). The results in Fig. 1 show that centrifugation had no effect on bacteria alone or in the presence of In a second experiment, antibiotics were incubated with PMLs, the PMLs were washed and added to trays containing bacteria. One tray was stored (at 4°C) and the other centrifuged. The trays were then incubated at 37°C and the assay performed as usual. The results in Table 1 show that contact The black symbols represent tissue culture trays that were centrifuged at 4°C for 15 minutes at 800 x g ; open symbols represent trays allowed to stand on ice for 15 minutes. Both types of trays were incubated at 37°C for the times indicated and then frozen on dry ice. Autologous serum was present at a final concentration of 10%. Eight antibiotics were incubated with PMLs for 20 minutes at 37°C at the concentrations shown in Fig. 2 . Rifampicin, clindamycin, fusidic acid, novobiocin and erythromycin were active. Tetracycline was less active, and no binding could be demonstrated with gentamicin and benzylpenicillin.
Dose-response curves were generated with the active antibiotics (with the exception of the highest concentration of novobiocin which, based on other experiments, represented a technical error).
A number of antibiotics were similarly tested at 10 I g/ml for 20 minutes at 37°C but no activity was obtained. These included cephaloridine, nargenicin, netilmicin, dicloxacillin, ampicillin, cefazolin, cephalothin, vancomycin and rosaramicin. Different blood cells were compared for their ability to bind 4 antibiotics (Table 5) . PMLs were compared with erythrocytes and mononuclear leukocytes (17% mononuclear phagocytes and 83 lymphocytes). All 4 antibiotics bound to about the same degree to both mononuclear and poly- 
Applicability of the System in Studying Inhibitors of Antibiotic Binding
Clindamycin was used to study the applicability of this system in studying compounds that inhibit antibiotic uptake. Certain nucleosides, puromycin and adenosine, have been reported to inhibit the uptake of radioactive clindamycin by alveolar macrophages4), while proline derivatives such as proline amide and proline benzyl ester inhibited radioactive clindamycin uptake by PMLs27).
The results of adding these compounds (1 mm) to clindamycin (0.02 mm) on binding are shown in Table 6 . Proline amide, proline benzyl ester, and puromycin reversed clindamycin binding;
adenosine was somewhat less effective. It should be noted that these reversing effects were not seen if the compounds were first incubated with PMLs, the PMLs washed twice, and then incubated with clindamycin. This shows that the compounds did not inhibit clindamycin binding through toxic mechanisms as did some compounds (e.g., pro line-;3-naphthalamide).
Discussion
The system described here represents another method by which interactions between antibiotics and leukocytes can be measured. The primary advantages of the system are the opposite of the limitations of three classical systems.
Thus, to display activity in this system, the antibiotic does not need to be radiolabeled, it does not have to kill intracellular microbes, nor does it need to affect any phagocyte function.
Other advantages are that large numbers of a variety of antibiotics can be screened, it is sensitive to antibiotic concentrations likely to be found in patient's sera (10 ; eg/ml or less), and it can be used to study mechanisms of binding.
The primary limitations of the system are that specific antibiotic activity against the test organism is required, and the antibiotic must bind tight enough to remain attached to the leukocyte through two washings.
These limitations notwithstanding, the fact that the results obtained with this system mirror those obtained in the other three systems provides evidence for its validity in studying antibioticphagocyte interactions. First, the current results confirm previous positive binding results using radioactive rifampicin1,2) , clindamycin2"5r, erythromycin5) as well as negative results obtained with gentamicin, benzylpenicillin, and cefazolin5>. In addition, the binding of radiolabeled rifampicin and clindamycin had been shown to be temperature dependent3,5). These results were confirmed and it was shown that the binding of novobiocin and fusidic acid also was temperature dependent. 
